
Another approach to evaluating the fate of the magnesium chloride brine is to assess the presence 
of the brine in sediments. Brine increases the salt content of the surficial sediments. This can be identified 
indirectly by looking at the electrical conductivity of the sediment, or directly by collecting samples of the 
sediment and analyzing for soluble ions. This section discusses evaluation of the sediment for brine 
contamination. 

7.1 Ground Conductivity Survey 

In 1992, ground-based magnetic and electromagnetic induction geophysical surveys were 
conducted at the SDA to provide information on contrasts in ground conductivity (Ebasco Environmental 
Corporation 1993). These contrasts can arise from buried metallic objects, but also from changes in 
moisture content, mineralogy, and the salt content of pore water. The primary objective of the geophysical 
surveys was to identify locations where waste was buried. The penetration depth of the electromagnetic 
survey at the SDA was approximately 20 ft. Figure 32 shows a map of the electromagnetic quadrature 
phase from the 1992. Data used to generate this map were collected in the spring and fall of 1992. 
Because brine was applied in the summer of 1992, the time when data were collected may be important. 
Most of the western end of the SDA was surveyed from March to May (spring) of 1992. The east end of 
the SDA was surveyed in November and December (fall) of 1992. Three areas, an area along the southern 
boundary, an area in the north central portion of the SDA, and a small area just east of Pad A, were 
surveyed in both the spring and fall. 

Most of the anomalous elevated ground conductivity shown in Figure 32 can be attributed to metal 
in buried waste. However, there are a number of areas with moderate (green shading) to high (yellow 
shading) conductivity that appear to be related to roads rather than buried waste because these anomalies 
parallel the roads. Just inside the eastern entrance to the SDA along the main east-west haul road is an 
area (identified with a white ellipse "A") where extended bands of very high conductivity parallel the 
road. Further west along the haul road, west of Pad A at "B" and south of Pit 13 at "D", are other areas 
where bands of elevated conductivity parallel the roadway. Just west of the active pit area, the roads tend 
to have moderate (green shading) ground conductivity while the surrounding sediments are low (blue 
shading) conductivity (T" and "E"). Near the midpoint of the southern SDA boundary is a road that exits 
the SDA. This roadway is another area where the roadbed appears to have elevated conductivity not 
related to buried waste ("G"). At the west end of the SDA, the ground conductivity under the main haul 
road is very high (red shading), suggesting the road crosses over buried waste. Just inside the west 
entrance gate to the SDA ("F"), there is an area where the roadbed shows moderate ground conductivity. 
The electromagnetic induction survey of these roads was conducted in the spring of 1992, seven years 
after the previous application of brine to SDA roads in 1985. This suggests a persistence of brine in the 
roadbeds over extended periods of time. 

Conductivity anomalies in the SDA are dominated by buried waste, but may also be related to 
moisture content or pore-water salt content. The roads in the SDA appear to have a moderately elevated 
ground conductivity relative to the surrounding sediment. Most of these data were gathered seven years 
after brine application, suggesting that magnesium chloride is persistent in the SDA roadbeds. Bands of 
elevated ground conductivity along roadways are related to drainage ditches. These bands may indicate 
salt buildup along roads, but could also be related to elevated moisture content in the ground beneath 
drainage ditches. Analysis of sediment samples for soluble ions could help answer this question. 
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7.2 SDA Surficial Sediment Samples 

A number of areas inside the SDA with elevated ground conductivity were associated with roads, 
which suggests that brine might persist for years in the SDA. To evaluate whether elevated conductivity 
anomalies in roadbeds and drainage ditches along roads are related to brine, sediment samples were 
collected and analyzed for soluble cations and anions as a method to test for brine persistence. Twelve 
boreholes were augered through the surficial sediments to basalt. Split-spoon samples of sediments were 
collected through the hollow stem auger. Additional samples of surficial sediment were collected from 
archived core stored in the INEEL Core Library from past drilling in the SDA. Selected sedimentary 
material, taken from the Core Library, was sampled for three additional wells. This provided older sample 
material from locations near where the new wells were drilled. This material provides a comparison 
between time intervals. Samples were also collected of Spreading Area B (SAB) sediment, which has not 
been contaminated with brine, to provide background concentrations of soluble salts. 

7.2.1 Site Selection 

Because the objective was to evaluate persistence of chloride in SDA surficial sediments, and to 
evaluate the potential for lateral movement of the brine from the roads to buried waste, borings were 
located where: 

0 Geophysical measurements indicated elevated levels of ground conductance associated with roads 

Chloride contamination in suction lysimeters indicated brine migration and persistence. 

Ground conductance, Figure 32, was used to identify locations where the sediment was moderately 
to highly conductive along roads where brine was applied. The ground conductivity map reflects all 
contributing sources to anomalous conductance including the salt content of the sediment, the moisture 
content of the sediment, and the presence of buried metals. Much of the very high and high conductivity 
areas shown in Figure 32 reflect buried waste. As discussed earlier, there were a number of locations 
where moderate- to high-conductivity anomalies seemed to be associated with roads, and not with buried 
waste. These areas were identified for sampling. Suction lysimeters in the southeast comer of the SDA 
contained very high levels of chloride and sulfate, indicating brine contamination. Therefore, this 
southeast corner was also identified as a target area for sampling. 

Figure 33 shows the locations of the twelve auger holes drilled to collect samples, as well as the 
locations of the three older wells from which core was analyzed. Borings were drilled in January and 
February 1998. Lysimeters were installed in five of these holes after sediment samples were collected. 
Core collected from three wells drilled between 1986 and 1990 was also sampled. Spreading Area B is a 
playa west of the SDA. Sediments in the playa were deposited in a similar depositional environment to 
that in the SDA. Playa sediments from Spreading Area B were not contaminated with brine, and so were 
sampled to provide comparable background concentrations of extractable salts for SDA sediments. 

In the southeast corner of the SDA, boring 98-1 was drilled near a buried beryllium block that is 
being investigated as a source of carbon-14 and tritium (Ritter and McElroy 1999). Elevated chloride 
concentrations in this area, as identified from lysimeters in wells W05 and LYS-01, may be contributing 
to the corrosion of the beryllium. Sediment from well W05, drilled in 1986, was available in the Core 
Library, and samples were collected from this core to compare with core from boring 98-1. 

Near the middle of the southern boundary, there is a road that exits the SDA. This road indicated 
elevated ground conductivity ("G" in Figure 32). Boring SDA-05 was drilled in the middle of the road, 
boring SDA-04 was drilled in the ditch adjacent to the road, and boring 98-2 was drilled across the ditch 
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from the road. A lysimeter was installed in boring 98-2. These three wells provide a profile from the 
middle of the road across the drainage ditch to examine the lateral spread of brine away from the road. 

Figure 33. Map of the SDA showing the locations of wells where sediments were collected for analysis of 
soluble ions. 

The road that leads to the active pit showed moderately elevated levels of ground conductivity 
("C," in Figure 32). Two borings were made here: SDA-02 in the middle of the road, and SDA-03 in the 
drainage ditch along the road. Core material was available from a boring made adjacent to this road in 
1990, Acid Pit #4. Samples were collected from that boring also. 

South of Pit 13, high ground conductivity parallels the road ("D" in Figure 32), which could be 
related to brine in the sediment. Boring 98-3 was drilled into this anomaly and a suction lysimeter 
installed. 

West of Pits 4 and 10, there was another area of moderately elevated ground conductivity in the 
road bed ("E"). Two borings, SDA-07 and 98-4, were drilled in this area. Boring SDA-07 was drilled in 
the drainage ditch along the road and boring 98-4 was drilled just behind the drainage ditch. A suction 
lysimeter was installed in hole 98-4. This location is also adjacent to an existing well W25. Suction 
lysimeters in well W25 did not show signs of brine contamination. 
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A series of borings was placed along the main east-west haul road, where brine was applied at least 
three, probably four, times. At the west end of the SDA, 98-5 was drilled beside a roadbed that showed 
moderate ground conductivity ("F'). A lysimeter was installed in boring 98-5. Just west of Pad A, two 
borings were drilled in the drainage ditch immediately adjacent to the main haul road. This area showed 
very high ground conductivity parallel to the road ("B" in Figure 32) in 1992. At the east end of the haul 
road, just inside the entrance to the SDA, existing core was taken from the Core Library for well Pit-9 #5, 
drilled in 1990. This well is close to well W03, which showed very high levels of chloride in lysimeter 
samples, and is in an area of very high ground conductivity ("A"). 

The locations selected for borings, or for collection of existing core material from the Core Library, 
provide samples from areas that show elevated ground conductivity and/or elevated chloride 
concentrations in lysimeter samples. Samples target drainage ditches to determine if elevated conductivity 
results from increased water content or high chloride concentrations. In two locations, three borings are 
drilled from the road to the opposite side of the drainage ditch to evaluate lateral spread of brine from the 
roadway. From these well locations, we will be able to assess the persistence of chloride in roads and 
drainage ditches, and evaluate lateral spread away from the roads. 

7.2.2 Laboratory Methods 

A total of sixty sediment samples were collected: 50 from new borings in the SDA, eight from 
existing core material in the Core Library, and eight from SAB sediment. The SDA samples were 
collected during January and February 1998; the rest were taken from archived samples stored at the 
INEEL Core Library. Most of the samples were clays or clay loams. The sediment samples were extracted 
following the procedure for soluble salts outlined in Soil Methods and Analysis, Parr 2 (Rhoades 1982). 
Sediments were extracted using a ratio of 1 part sediment to 5 parts deionized water by weight. The 
sediment and water mixture was shaken on a shaker table for 1 hour, then filtered through a 0.45 pm 
filter. The extracts were analyzed for sodium, calcium, potassium, magnesium, lithium, chloride, bromide, 
nitrate, and sulfate. Measured concentrations in the extract were used to calculate the concentration of 
soluble salt in the sediment. 

Five duplicate samples were analyzed, and relative percent difference (RPD) calculated using: 

where Cl is the measured concentration and CD is the concentration measured on a duplicate sample. 
Values of RPD should fall between -20% and +20%. The average of the absolute value of the 5 RPD 
values for each analyte is reported in Table 10. Two individual RPD values calculated for Mg were at or 
above the 20% limit (one at 20% and one at 23%). All of the other calculated RPD values were well 
within the +20% range. 

7.3 Extractable Cation and Anion Data 

The analytical results for each of the locations is given in Appendix C. Samples high in 
water-extractable salt for one ion tend to be high for many of the ions. Correlation coefficients for the 
ions show that the soluble ions with the highest correlation to chloride are bromide (0.8 1). magnesium 
(0.83), and sodium (0.86). The bromide and magnesium were components of the brine. The correlation of 
the three ions (Cl, Br, Mg) indicates that the elevated soluble salts in these samples are related to the 
brine. Sodium is likely elevated by displacement from ion exchange sites on clays by magnesium as the 
brine infiltrates. 
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Table 10. Average of the absolute value of the W D  for the soluble ion extractions. 

Ion Average RPD 

c1 0.9% 
Br 0.1% 

NO3 10.5% 
SO4 0.8% 
Ca 3.9% 
K 6.4% 

Mg 9.0% 
Na 0.7% 

Spreading Area B sediment, which has not been contaminated by brine, has very low 
concentrations of extractable ions compared to the samples from inside the SDA. The SAB sediment is 
used to define background concentrations of soluble salts at the mean plus three standard deviations of the 
eight measurements on SAB sediment. This gives a background chloride concentration of 1 mg/kg. 

7.3.1 Soluble Chloride Distribution in Sediments 

Three borings were drilled and sampled along the main east-west haul road, and existing core from 
a fourth well drilled near Pit 9 was sampled (Figure 33). The three wells drilled in 1998 show background 
or very low levels of chloride (Figure 34). The chloride concentrations near the surface in well 98-5 are 
slightly above background, indicating some brine residual in the sediment. Borings SDA-11 and SDA-12 
were drilled in a location that showed very high ground conductivity in the 1992 geophysical survey. This 
is an area where water accumulates (Figure 3), and is an area of elevated infiltration (Martian 1995; 
Bishop 1998). Therefore, the high ground conductivity in 1992 may have only reflected water content. If 
chloride was present in 1992, then it has since been flushed from the system. At the eastern end of the 
haul road, in well Pit-9 #5, sediments contained elevated chloride in 1990 (when the well was drilled). 
This confirms water samples collected from a lysimeter in nearby well W03, which contained elevated 
chloride. The geophysical survey conducted in 1992 indicated very high ground conductivity in this area. 
Well W03, and the lysimeter therein, were destroyed by construction of the Pit 9 project. As such, there is 
no information from this area to evaluate current conditions. 

Extractable chloride in borings drilled in the central portion of the SDA around Pits 4, 10, 13, and 
the Acid Pit (areas C, D, and E in Figure 32) are shown in Figure 35. SDA-02 was drilled in the middle of 
the road, and shows moderately elevated chloride concentrations. Well SDA-02 was drilled six years after 
the conductivity survey, and five years after the last brine application. Concentrations are still moderately 
elevated in the roadbed to a depth of 6.5 ft. Below a depth of 6.5 ft, the samples reflect background 
chloride concentrations. In boring SDA-03 and Acid Pit #4, both of which are drilled adjacent to the road, 
most of the concentrations are within background or are slightly elevated. At this location, there is little 
evidence of lateral spread of chloride. 

Borings SDA-07 and 98-4 (Figure 33) were drilled in, and just behind, the drainage ditch. Chloride 
concentrations in these borings are slightly above background levels, and show chloride at all depths 
(Figure 35). The ground conductivity of the road here is only moderately elevated, similar to the ground 
conductivity at SDA-02. Borings 98-4 and SDA-07 show similar patterns to SDA-03 and Acid Pit #4. For 
this part of the SDA, it appears that the roadbed retains some of the magnesium chloride brine. Brine has 
migrated to depths several feet below drainage ditches, and laterally several feet. Concentrations in the 
sediment, however, are on the order of a few dozen mgkg, which is relatively low. 
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Boring 98-3 was made in an area of very high ground conductivity along a roadway. Elevated 
chloride concentrations are apparent in the sediment to a depth of over 23 ft. This area is identified as an 
area where snowmelt runoff can accumulate (Figure 3), but is not an area of high recharge (Martian 1995; 
Bishop 1998). Chloride remains in the sediment at 98-3 some five years after brine application and is 
present down to the sediment-basalt interface at a depth of about 23 ft. This distribution seems to support 
previous conclusions that this is not an area of high recharge. In areas of high recharge along the main 
haul road, chloride had been flushed from the sediment by 1998 (Figure 34). Here, sufficient recharge has 
occurred to carry chloride to a depth of 23 ft, but not enough to flush chloride out of the sediments. 
Appreciable chloride remains in this location. 
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Figure 34. Distribution of extractable chloride, in mg/kg, with depth along the main east-west haul road. 
The scale of the graphs is 0-200 mg/kg. 
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Figure 35. Distribution of extractable chloride, in mg/kg, with depth from the central portion of the SDA 
around Pits 4, 10, 13 and the Acid Pit. The scale of the graphs is 0-200 mg/kg. To show more detail at 
low concentrations, some of the higher concentrations are truncated. Information for higher 
concentrations is shown in the attached table. 

Borings drilled along the southern boundary of the SDA show the highest levels of extractable 
chloride (Figure 36). The graph scale in Figure 36 is lox the scale in the previous two graphs. Boring 
W05 was drilled in 1986, and boring 98-1 was drilled in 1998 in the southeast comer of the SDA. In that 
12 year period, chloride appears to be migrating slowly downward. Concentrations at comparable depths 
in the two wells are lower in 1998, and the deeper concentrations in well 98-1 are lower than the 
concentrations in W05, suggesting dilution of the chloride. Concentrations are still very high, and 
lysimeter water samples from well 98-1 (98-1-L35) confirm that the pore water is still elevated in 
chloride. The lysimeter in boring LYS-1, beside the beryllium blocks, shows a 675 to 102 mg/L decrease 
in chloride from 1997 to 2000. Some decrease in chloride is taking place in the southeast comer of the 
SDA. However, significant chloride remains in the pore water and in the sediment. The persistence of 
chloride in pore water and sediment indicate that this is an area of relatively low recharge. 
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Figure 36. Distribution of extractable chloride with depth along the southern boundary of the SDA. The 
scale of the graphs is 0-2,000 mg/kg, or lox the scale in the previous figures. 

Near the southern exit from the SDA, the geophysical survey indicated very high ground 
conductivity in the road ("G"). Brine was applied to this road exiting the southern SDA boundary at least 
three, possibly four, times. Samples of roadbed material collected from the middle of the roadway in 
boring SDA-05 show that, even six years after the geophysical survey, the roadbed retains high levels of 
chloride. Boring SDA-04, drilled in the drainage ditch along the road, contains even higher soluble 
chloride than the roadbed samples. Extractable chloride in the sediments is as high as 2,100 mg/kg 
(Figure 36). The sediment in boring 98-2, drilled behind the drainage ditch, contains elevated extractable 
chloride at a depth of 5 to 6.5 ft. The concentrations are an order of magnitude less than the 
concentrations in the adjacent drainage ditch at SDA-04. At this location, chloride has migrated into the 
drainage ditch, but very little has migrated further away from the road. 

7.3.2 Comparison of Soluble and Dissolved Chloride Concentrations 

In a few locations, data for chloride dissolved in pore water, and chloride extracted from sediments, 
were gathered from similar depths in the same well. In these few cases, it is possible to compare the 
dissolved and extracted concentrations. Because chloride is soluble and conservative, the chloride is 
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expected to occur in the pore water extracted from the sediment, and so should have comparable 
concentrations to the chloride concentration sampled in lysimeters. In that case, the dissolved 
concentration can be estimated from the bulk density and moisture content of the sediments using: 

0, Cl,, = Cl,, . - 
Pb 

(3) 

where: 

Cbx = extractable chloride (mg/kg) 

Cl&, = dissolved chloride ( m a )  

8, = water content (1 water/L sediment) 

pb = bulk density (kg/L of sediment) 

Bulk density and moisture content were not measured for these samples. However, many 
measurements of bulk density and water content have been made (Barraclough et al. 1976; Martian 1995), 
indicating the water content ranges from 0.2 to 0.3 cm3/cm3 and bulk density ranges from 
1.3 to 2.0 g/cm3. The ratio of water content to bulk density will range from 0.1 to 0.23, with an expected 
value in the range of 0.15. Comparable dissolved and extracted chloride data are listed in Table 1 1 and 
plotted in Figure 37. Fitting Equation 3 to the data indicates a water content to bulk density ratio of 0.157, 
which is well within the expected range. This provides a means of estimating dissolved chloride from 
extractable chloride concentrations. More importantly, it confirms that the chloride is retained in the pore 
water and is mobile in the SDA sediment. Where chloride is retained, it means that recharge is not taking 
place to flush the chloride from the sediment. 

Table 11. Comparison of soluble chloride extracted from sediments and dissolved chloride collected from 
suction lysimeters for data collected at comparable depths. 

Depth Dissolved C1 Depth Soluble C1 
Lysimeter (ft) ( m a )  Well (ft) (mgkg) 
98-1 -L35 16.5 9,490 98-1 15.0 1,703 
98-1-L35 16.5 9,490 98-1 18.0 1,112 
98-4-L38 17.0 25 SDA-07 17.5 11 
98-5-L39 10.5 420 98-5 10.5 9 
W05-L24 16.0 269 W05 13.3 1,343 
W05-L25 10.0 1 1,600 W05 10.3 2,123 
W05-L26 6.7 6,403 W05 6.4 653 
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Between 1984 and 1993, magnesium chloride brine was applied to roads in and around the SDA to 
control airborne dust. Water samples from suction lysimeters installed along roads contained very high 
chloride concentrations (C1> 1,OOO m a ) ,  suggesting that chloride might be migrating through the 
surficial sediment. Because chloride can enhance corrosion, information on whether chloride could be 
contributing to corrosion of waste containers and buried activated metals was needed. To address this 
question, data were needed on: 1) the locations where magnesium chloride brine was applied to roads 
relative to the locations of pits and trenches, 2) the distance chloride could move laterally from roads 
where brine was applied, and 3) whether chloride was rapidly washed out of the surficial sediments, or 
remained where it could continue to contribute to corrosion. The locations where brine was applied was 
obtained from company records. Data on the persistence and distribution of chloride were gathered using 
a ground conductivity survey, water samples from suction lysimeters, and soluble ions extracted from 
sediment samples. 

Maps of brine application inside the SDA show that brine was applied over pits and trenches in 
four locations. Therefore, brine was applied where downward migration would bring it into contact with 
buried waste. East of Pit 15, brine was applied over, or very close, to a buried beryllium block. Brine was 
applied to roads that parallel pits and trenches in many other locations, so that lateral migration of 
chloride from the road could bring the chloride into contact with waste in additional pits and trenches. 

Suction lysimeters at the SDA have been sampled periodically for major cation and anion 
composition since 1986. Analysis of anion data show that a significant factor affecting water chemistry at 
the SDA is the magnesium chloride brine that was applied to roads between 1984 and 1993. Elevated 
chloride concentrations were found in lysimeters along many of the roads in the SDA. Evaluating the 
distance from the roads to the affected lysimeters, brine was observed to migrate laterally in the surficial 
sediments up to 40 ft. Lysimeters and extractable ions in two wells in the south-east comer of the SDA 
(98-1, W05) showed significant contamination with brine. These two wells are much further than 40 ft  
(86 ft and 170 ft) from the closest road where brine was applied. This would require significant lateral 
brine migration at shallow depths (e10 ft) within three years in the surficial alluvium. Two adjacent wells 
(W04, W06) are not contaminated with brine. At this time, we cannot resolve the origin of the brine 
contamination in these two wells. 

Evidence of brine has been found in lysimeters and perched water monitoring wells to depths of 
240 ft. Chloride from the brine moved downwards very rapidly and was detected in a lysimeter at a depth 
of 100 ft in 1987, no more than three years after the brine was first applied. Estimated migration rates in 
the vadose zone under the SDA from brine range from a low of 20 ft/yr to a high of 140 ft/yr. The 
140 ft/yr rate includes a significant lateral component (360 ft lateral, 43 ft vertical). In the surficial 
sediment and in the A-B interbed, chloride concentrations in suction lysimeters are returning to natural 
levels, indicating that the chloride is being flushed from these zones. 

Samples collected from roadbeds, in wells SDA-02 and SDA-05, show that chloride has penetrated 
into the roadbed up to 6.5 ft, and is present in concentrations on the order of one to several hundred 
mg/kg. At SDA-02, where samples were collected several yards below the roadbed, the deeper samples 
are at background levels. Downward migration does not appear to occur rapidly under the roadbeds. 
Samples collected from drainage ditches along roadbeds show more vertical movement of brine 
contamination. Where recharge through the ditch is high, such as along the main haul road, it appears that 
the brine has been flushed out of the sediments (98-5, SDA-11, and SDA-12). Where recharge is less, the 
amount of chloride under drainage ditches is highly variable. However, in SDA-04 and 98-3, there are 
high concentrations of chloride in ditch sediments to depths of up to 23 ft. Where samples were collected 
on the side of the drainage ditch away from the roadbed (98-2,98-4), concentrations are significantly 
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reduced from concentrations in the road or drainage ditch. For the most part, vertical migration of brine 
appears to be occurring under drainage ditches adjacent to the roads where brine was applied. 

This investigation had three objectives: 1) where and how much brine was applied to roads in the 
SDA, 2) where did the brine go in the sediments and pore water, and 3) is the brine being flushed from 
the surficial sediments. An estimated 660 tons of brine were applied in the SDA between 1984 and 1992 
containing 178 tons of chloride. In four locations, brine was applied directly over trenches or soil-vault 
rows. One of the beryllium disposal areas was crossed by brine application. In other locations, brine was 
applied to roads that parallel pits and trenches. Brine penetrated the roadbeds on which it was applied to a 
depth of about 6.5 ft. Most brine was redistributed to the drainage ditches adjacent to the roads. Brine 
migration occurs under these ditches, not directly under the roads. Brine was observed to move laterally 
from the roads up to 40 ft, based on chloride contamination in suction lysimeters and from extractable 
chloride concentrations in sediments. 

Extractable chloride correlates well with dissolved chloride in the few locations where sediment 
samples and lysimeter samples are colocated. This indicates that the chloride remains in pore water, does 
not partition to the sediment, and is potentially mobile. Where chloride remains in the SDA surficial 
sediments, recharge has not been sufficient to flush the chloride from the sdic ia l  sediments in that area. 
Chloride persistence, therefore, is an indication of low recharge in a location. Areas where chloride has 
been flushed from the surficial sediments correspond to areas that have been identified by hydrolic 
investigations as high recharge areas, confirming the hydrologic conculsions. 
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Appendix A 

Suction Lysimeters Installed at the Radioactive Waste 
Management Complex. 
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Appendix A 

Suction Lysimeters Installed at the Radioactive Waste 
Management Complex 

Lysimeter 

LO1 
LO2 
LO3 
LO4 
LO5 
LO6 
LO7 
LO8 
LO9 
L10 
L11 
L12 
L13 
L14 
L15 
L16 
L17 
L18 
L19 
L20 
L21 
L22 
L23 
L24 
L25 
L26 
L27 
L28 
L29 
L30 
L3 1 
L32 

Well 

w02a 
W03 
W04 
W04 
W 04 
w20  
W23 
W23 
W 23 
T23 
c02 
W08 
W08 
W08 

PA0 1 
PA02 
THO2 
THO4 
co 1 
co 1 

THO5 
THO5 
W09 
W05 
W05 
W05 
W06 
W 25 
W13 
W13 
W 17 
W17 

Date Installed 

June 14,1985 
June 17,1985 
June 19,1985 
June 19,1985 
June 19,1985 
June 28,1985 
June 28,1985 
June 28, 1985 
June 28,1985 
July 2, 1985 
July 3, 1985 
July 9, 1985 
July 9, 1985 
July 9, 1985 
July 11, 1985 
July 11, 1985 
June 7,1985 

April 23,1985 
August 6, 1986 
August 6, 1986 

September 8, 1986 
September 8, 1986 
September 17, 1986 
September 22, 1986 
September 22, 1986 
September 22, 1986 
September 23, 1986 
September 24, 1986 
September 20, 1986 
September 28, 1986 
September 29, 1986 
September 29, 1986 

Lysimeter 
Depth (m) 

4.27 
3.20 
7.47 
4.69 
1.89 
2.04 
5.73 
3.60 
2.35 
5.79 
1.31 
6.74 
3.44 
1.89 
4.36 
2.65 
1.83 
1.22 
5.39 
2.26 
4.63 
1.80 
4.5 1 
4.85 
3.05 
2.04 
3.60 
4.72 
4.27 
2.04 
5.97 
3.32 

Lithology or 
stratigraphy 

Surf. Sediment 
Surf. Sediment 
Surf. Sediment 
Surf. Sediment 
Surf. Sediment 
Surf. Sediment 
Surf. Sediment 
Surf. Sediment 
Surf. Sediment 
Surf. Sediment 
Surf. Sediment 
Surf. Sediment 
Surf. Sediment 
Surf. Sediment 
Surf. Sediment 
Surf. Sediment 
Surf. Sediment 
Surf. Sediment 
Surf. Sediment 
Surf. Sediment 
Surf. Sediment 
Surf. Sediment 
Surf. Sediment 
Surf. Sediment 
Surf. Sediment 
Surf. Sediment 
Surf. Sediment 
Surf. Sediment 
Surf. Sediment 
Surf. Sediment 
Surf. Sediment 
Surf. Sediment 

Cup Type 

Ceramic 
Ceramic 
Ceramic 
Ceramic 
Ceramic 
Teflon 
Teflon 

Ceramic 
Ceramic 
Teflon 
Teflon 

Ceramic 
Ceramic 
Ceramic 
Ceramic 
Ceramic 
Ceramic 
Ceramic 
Ceramic 
Ceramic 
Ceramic 
Ceramic 
Ceramic 
Ceramic 
Ceramic 
Ceramic 
Ceramic 
Ceramic 
Ceramic 
Ceramic 
Ceramic 
Ceramic 
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Lysimeter Lithology or 
Lysimeter Well Date Installed Depth (m) stratigraphy Cup Type 

L33 
L34 
L35 
L36 
L37 
L3 8 
L39 
L40 
L4 1 

DLO 1 
DL02 

DL03 

DL04 

DL05 

DL06 

DL07 

DL08 

DL09 

DLlO 

DL1 1 

DL12 

DL13 

DL14 

PA03 
PA04 
98-1 
98-2 
98-3 
98-4 
98-5 

LYS-1 
LYS-1 

DO6 
DO6 

TW1 

TW1 

D15 

D15 

D15 

I-1D 

1-1s 

I-2D 

1-2s 

I-3D 

1-3s 

I-4D 

December 1994 
December 1994 

February 2, 1998 
January 29, 1998 
February 4, 1998 
February 3, 1998 
February 2,1998 

1994 
1994 

September 12, 1986 
September 12, 1986 

June 25,1987 

June 25, 1987 

September 15,1987 

September 15,1987 

November 4, 1987 

-November 1999 

-November 1999 

-November 1999 

-November 1999 

-November 1999 

-November 1999 

-January 2000 

3.05 
-8.25 

5.03 
2.74 
6.86 
5.18 
3.20 
2.00 
6.00 

26.8 
13.4 

69.2 

31.0 

67.9 

29.8 

9.8 

68.3 

31.8 

59.7 

28.0 

69.5 

28.4 

69.0 

Surf. Sediment 
Surf. Sediment 
Surf. Sediment 
Surf. Sediment 
Surf. Sediment 
Surf. Sediment 
Surf. Sediment 
Surf. Sediment 
Surf. Sediment 

Basalt 
AB interbed, silty 

sand 
0.3 m into CD 
interbed, clay 

Top of BC 
interbed, sandy 

silt 
Top of CD 

interbed, clay and 
silt 

BC interbed, 
gravel 

Top of AB 
interbed, sandy 

sit. 
Basalt / CD 

interbed contact 
At BC contact or 
< 0.3 m into BC 
Basalt above CD 

interbed 
Basalt above BC 

interbed 
at CD contact or 
< 1 m into CD 
0.67 m into BC 
interbed, clay 
Basalt 0.5 m 

above CD 
interbed 

Ceramic 
Ceramic 
Ceramic 
Ceramic 
Ceramic 
Ceramic 
Ceramic 
Ceramic 
Ceramic 
Ceramic 
Ceramic 

Ceramic 

Ceramic 

Ceramic 

Ceramic 

Ceramic 

Stainless 
steel 

Stainless 
steel 

Stainless 
steel 

Stainless 
steel 

Stainless 
steel 

Stainless 
steel 

Stainless 
steel 
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Lysimeter Lithology or 
Lysimeter Well Date Installed Depth (m) stratigraphy Cup Type 

DL15 

DL16 

DL17 

DL18 

DL19 

DL20 

DL2 1 

DL22 

DL23 

DL24 

DL25 

DL26 

DL27 

DL28 

DL29 

1-4s 

1-5s 

0- 1 

0-1 

0-2  

0-2 

0-3  

0-3  

0-4 

0-4 

0-5  

0-6  

0-7  

0-7  

0-8 

-January 2000 

-March 2000 

December 16, 1999 

December 16,1999 

January 12,2000 

January 12,2000 

November 1999 

November 1999 

January 4,2000 

January 4,2000 

January 12,2000 

November 1999 

November 1999 

November 1999 

-November 1999 

29.6 

30.1 

69.5 

29.3 

73.2 

32.3 

66.7 

26.5 

68.6 

33.1 

31.7 

68.6 

73.2 

36.3 

69.5 

Basalt, 15 cm 
above BC 
interbed 

Basalt, 0.3 m 
above BC 
interbed 

Near top CD 
interbed, no 

recovery 221-233 
0.6 m into BC 
interbed, clay 

Basalt 

Basalt, 0.3 m 
above BC 
interbed 

Basalt, 0.6 m 
above CD 
interbed 
Basalt 

Basalt / CD 
interbed contact 

1.2 m into BC 
interbed, gravel 

Basalt 

Basalt 

Basalt, rubble 

Basalt, 0.3 m 
above BC 
interbed 
Basalt 

Stainless 
steel 

Stainless 
steel 

Stainless 
steel 

Stainless 
steel 

Stainless 
steel 

Stainless 
steel 

Stainless 
steel 

Stainless 
steel 

Stainless 
steel 

Stainless 
steel 

Stainless 
steel 

Stainless 
steel 

Stainless 
steel 

Stainless 
steel 

Stainless 
steel 

a. Lysimeters LO1 and W02 were destroyed in 1993 during the construction phase of Pit 9 remediation activities. 
b. Boreholes PA-01 and PA-02 were located in surficial sediment a couple of feet off the edge of the Pad A asphalt pad. The 
lithologic log for Borehole PA-03 does not indicate augering through the asphalt pad. The lysimeter in Borehole PA-04 was 
installed under the asphalt pad. 
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Appendix B 
Physical and Chemical Characteristics of Representative 

Water Samples from the Shallow and Intermediate Depths in 
the Vadose Zone at the SDA 
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Table B-1. Sample location, date, field parameters, and errors in cation-anion balance for representative water sample collected from lysimeters at 
the SDA. 

Well Lysimeter Depth Depth Date Lab pH Field pH Calc pH Temp TDS Cations Anions Error 
(ft bls) (m bls) (C> (m@> (meqW (meqk) 

Brine Brine 517,939 10,491 10,612 -0.6% 
Shallow Vadose Zone 

98-1 98-1L35 
98-4 98-4L38 
98-5 98-5L39 
CO1 CO1-L19 
co1 COl-L20 

PAOl PAO1-L15 
PAOl PAOI-L15 
PAOl PAO1-L15 
PA02 PA02-L 16 
THO4 TH04-Ll8 
THO5 TH05-L2 1 
w02 wo2-LO1 
W03 W03-LO2 
W04 W04-LO3 
W04 W04-LO4 
W04 W04-LO5 
W05 W05-L24 
W05 W05-L25 
W05 W05-L26 
W06 W06-L27 
W08 W08-Ll2 
WO8 W08-Ll2 
W08 W08-Ll3 
W09 W09-L23 

16.5 
17.0 
10.5 
17.7 
7.4 

14.3 
14.3 
14.3 
8.7 
4.0 

15.2 
14.0 
10.5 
24.5 
15.4 
6.2 

15.9 
10.0 
6.7 

11.8 
22.1 
22.1 
11.3 
14.8 

5 .O 

5.2 
3.2 
5.4 
2.3 
4.4 
4.4 
4.4 
2.7 
1.2 
4.6 
4.3 
3.2 
7.5 
4.7 
1.9 
4.8 
3 .O 

2.0 
3.6 
6.7 
6.7 
3.4 
4.5 

9/8/98 
9/8/98 
9/8/98 

8/29/89 
6/21/88 
9/27/88 
9/27/95 
9/8/98 

9/27/88 
611 1/86 
9/14/87 
7/26/89 
7/27/89 
1013189 
9130188 
611 1/86 
10/3/89 
7/24/89 
7120189 
7120189 
8/28/89 
9/27/95 
10/2/89 
9/27/88 

7.7 
7.1 
7.6 
7.9 
8.2 
7.7 
7.3 
7.5 
- 

7.4 
- 

7.6 
7.6 
7.4 
7.4 
- 

7.7 
- 

8.1 
7.4 
8.0 
7.1 
7.7 
7.8 

- 

- 
6.5 
7.4 
7.8 
7.7 
- 

- 

7.5 
- 

8.0 
7.7 
7.6 
7.3 
- 

- 

7.3 
- 
- 

7.3 
6.9 
7.0 
- 
7.9 

6.50 
7.04 
6.93 
7.92 
7.84 
6.85 
7.35 
7.40 
6.68 
6.88 
7.32 
7.34 
6.45 
6.83 
6.64 
6.68 
7.25 
6.57 
6.89 
7.58 
7.09 
7.21 
6.91 
7.10 

- 

15.0 
15.5 
11.4 
12.5 
15.5 
15.0 
17.0 
19.0 
15.0 
14.6 
15.7 
14.6 
14.9 
- 

- 

15.7 
- 

12.0 
14.4 
16.6 
15.6 
- 

15.0 

16,282 
704 

1,57 1 
744 
68 1 

3,044 
1,818 
1,806 
3,966 
9,333 

729 
910 

23,541 
1,886 
1,712 
1,330 
2,075 

2 1,242 
1 3,094 
1,073 
1,885 
1,640 
1,994 

832 

280.0 
9.6 

21.3 
10.3 
10.3 
38.4 
23.3 
22.3 
56.2 

171.3 
9.2 

11.8 
434.0 
23.6 
21.1 
19.3 
30.7 

390.3 
233.9 

13.8 
26.6 
23.2 
27.7 
11.4 

305.8 
11.8 
26.5 
10.3 
10.1 
39.8 
24.6 
25.5 
56.2 

165.6 
9.6 

11.7 
416.4 
22.8 
21.2 
19.2 
30.2 

382.0 
226.9 

13.7 
26.5 
25.8 
27.3 
11.6 

-4.4% 
-10.3% 
-10.8% 

-0.1% 
0.9% 

-1.8% 
-2.7% 
-6.7% 
0.0% 
1.7% 

-2.0% 
0.4% 
2.1% 
1.7% 
0.0% 
0.3% 
0.8% 
1.1% 
1.5% 
0.3% 
0.1% 

-5.4% 
0.7% 

-0.7% 



Table B-1. (continued). 
Well Lysimeter Depth Depth Date Lab pH Field pH Calc pH Temp TDS Cations Anions Error 

(ft bls) (m bls) (0 (mg/L) (meqW (meqk) 
W09 W09-L23 14.8 4.5 8/28/89 8.1 7.7 7.15 16.1 917 12.6 13.1 -1.9% 
W23 W23-LO8 11.8 3.6 1014189 - - 6.81 14.8 5,822 91.4 88.7 1.5% 
W23 W23-LO8 11.8 3.6 9/26/95 7.0 7.1 7.04 14.5 5,662 80.5 100.7 -11.1% 
W23 W23-LO8 11.8 3.6 9/8/98 7.7 6.88 - 4,027 54.1 68.5 -11.8% 
W23 W23-LO9 7.7 2.3 6/11/86 8.1 7.7 7.26 13.2 3,392 52.7 52.0 0.7% 
W23 W23-LO9 7.7 2.3 9/8/98 7.6 7.43 18.5 1,836 22.3 26.5 -8.7% 
W25 W25-L28 15.5 4.7 10/5/89 7.7 7.2 7.13 12.4 770 11.0 10.6 2.1% 

- 6.94 - 81 1 11.5 17.3 -20.2% W25 W25-L28 15.5 4.7 9/8/98 7.4 
Intermed. Vadose Zone 

DO6 D06-DLO1 88.0 26.8 9/9/98 7.5 - 6.7 1 - 7,758 115.1 141.4 -10.3% 
DO6 D06-DL02 44.0 13.4 7/27/89 7.7 7.5 6.93 18.9 13,039 226.1 219.9 1.4% 
D15 D15-DL06 97.9 29.8 9/27/88 8.2 7.6 7.80 12.0 965 13.5 13.7 -0.9% 

TW1 TW1-DL04 101.7 31.0 6/16/88 7.8 7.9 6.89 15.1 5,745 101.3 100.3 0.5% ? 
P 



Table B-2. Cation concentrations of representative water samples from lysimeters in the shallow and intermediate depths of the vadose zone at the 
SDA. 

Well Lysimeter Date Li Na K Mg Ca Sr Ba Mn Fe 
( m a )  (m&> ( m a ,  ( m a )  (mg/L> (mgn) ( m m  (mg/L) ( m a )  

Brine Brine 2,500 11,200 8,400 114,530 120 
98-1 98-1L35 
98-4 98-4L38 
98-5 98-5L39 
CO1 CO1-L19 
co1 COl-L20 

PAOl PAO1-L15 
PAOl PAO1-L15 
PA0 1 PA0 1 -L 15 
PA02 PA02-L16 
THO4 TH04-Ll8 
THO5 TH05-L2 1 
w02 wo2-LO1 
W03 WO3-LO2 
W04 WO4-LO3 
W04 WO4-LO4 
W04 WO4-LO5 
W05 W05-L24 
W05 W05-L25 
W05 W05-L26 
W06 W06-L27 
W08 WO8-L12 
W08 WO8-L12 
W08 W08-Ll3 
W09 W09-L23 
W09 W09-L23 

9/8/98 
9/8/98 
9/8/98 

8/29/89 
6/21/88 
9/27/88 
9/27/95 
9/8/98 

9/27/88 
611 1/86 
9/14/87 
7/26/89 
7/27/89 
10/3/89 
9130188 
611 1/86 
1013189 
7/24/89 
7120189 
7120189 
8/28/89 
9/27/95 
1012189 
9/27/88 
8/28/89 

0.16 
0.02 
0.03 

< .04 
< .04 
< .04 
- 

0.02 
0.19 
0.11 

< .04 
< .04 
0.13 
0.08 
0.06 
0.06 

< .04 
0.15 
0.1 

< .04 
0.05 
- 

0.08 
< .04 
< .04 

2090 
36.3 
253 
150 

33.7 
732 
470 
455 
82 1 

1360 
106 
188 

3912 
415 
306 
117 
456 

2956 
2564 
262 
414 
338 
349 

43.9 
50.4 

11.3 
3.61 
6.5 

2.32 
2.95 
4.32 
2.62 
2.55 
8.36 
9.46 
5.1 

1.45 
27.2 
3.14 
3.52 
2.81 
3.81 
14.8 

11 
2.56 
4.98 
75.4 
17.6 
4.81 
3.82 

1290 
32.2 

45 
16.4 
37.9 
41.6 
18.8 
17.2 
119 

1047 
16.2 
15.4 
1699 
25.4 
46.5 
95.3 
66.4 
1903 
925 
13.8 
54.9 
43.6 
85.8 
51.3 
57.1 

1650 
105 
128 

46.8 
111 

58.8 
24.5 
20.6 
208 
513 
61.6 

46 
2463 
66.6 
77.5 
125 
105 

2090 
915 
23.1 
77.6 
58.9 

99 
102 
112 

13.3 
0.62 
0.89 
0.27 

1 
0.54 
- 

- 

1.51 
5.95 
0.35 
0.35 
18.2 
0.48 
0.72 
1.28 
0.72 

16 
11 

0.18 
0.73 

1.06 
0.89 

1 

- 
- 

- 
< .31 
< .31 
< .31 
- 

- 
< .31 
< .31 
< .31 
< .31 
0.89 
< .31 
< .31 
< .31 
< .31 
0.64 
< .31 
< .31 
0.39 
0.13 
< .31 
0.32 

- 

- 

- 

< .24 
< .24 
< .24 
0.01 
- 

< .24 
< .24 
< .24 
< .24 
< .24 
< .24 
< .24 
< .24 
< .24 
< .24 
< .24 
< .24 
< .24 
0.002 
< .24 
< .24 

0.38 < .24 

- 

- 

- 

0.08 
< .02 
< .02 
0.32 
- 

< .02 
< .02 
< .02 
< .02 
0.07 
< .02, 
< .02 
0.04 
< .02 
0.17 
0.06 
0.05 

c .02 
0.09 
< .02 
< .02 
0.06 



Table B-2. (continued). 
Well Lysimeter Date Li Na K Mg Ca Sr Ba Mn Fe 

(mg/L> (mg/L) (mg/L) ( m a ,  (m)rjL) (mg/L) ( m f m  ( m m  ( m a )  
W23 W23-LO8 10/4/89 0.05 1501 11.1 103 347 1.53 < .31 < .24 < .02 
W23 W23-LO8 9/26/95 - 1320 9.9 90.5 309 - 0.02 0.005 0.06 
W23 W23-LO8 9/8/98 0.05 945 7.91 54 167 0.82 
W23 W23-LO9 6/11/86 0.1 965 6.74 73.3 88.3 1.08 < .31 < .24 < .02 
W23 W23-LO9 9/8/98 0.05 463 4.55 12.3 19.8 0.28 
W25 W25-L28 1015189 < .04 30.6 4.8 49.2 110 1.06 < .31 < .24 < .02 
W25 W25-L28 9/8/98 0.02 31 4.48 50.5 117 1.11 
DO6 D06-DLO1 9/9/98 0.22 1020 43.5 426 69 1 2.69 
DO6 D06-DL02 7/27/89 0.15 2937 61.5 735 724 5.08 < .31 c .24 0.05 
D15 D15-DL06 9/27/88 0.07 256 4.05 5.53 35.2 0.29 < .31 < .24 < .02 

TW1 TW1-DL04 6/16/88 0.18 595 29.7 417 804 3.58 0.4 2.19 0.03 

- - - 

- - - 
- - - 



Table B-3. Anion and neutral species concentrations of representative water samples from lysimeters in the shallow and intermediate depths of the 
vadose zone at the SDA. 

Well Lysimeter Date HC03 F c1 Br SO4 N03-N Al SI02 B 
(mgn) ( m a )  ( m a )  ( m a >  ( m a )  (mgn) ( m a )  (mgn) (mgn) 

Brine Brine 384 3 5 6,240 765 26,300 
98-1 98-1L35 
98-4 98-4L38 
98-5 98-5L39 
CO1 COl-Ll9 
co1 COl-L20 

PAOl PAO1-L15 
PAOl PAO1-L15 
PAOl PAO1-L15 
PA02 PAO2-L 16 
THO4 THO4-L18 
THO5 TH05-L2 1 
w02 wo2-LO1 
W03 W03-LO2 
W04 W04-LO3 
W04 W04-LO4 
W04 W04-LO5 
W05 W05-L24 
W05 W05-L25 
W05 W05-L26 
W06 W06-L27 
W08 W08-Ll2 
W08 W08-Ll2 
W08 W08-Ll3 
W09 W09-L23 

9/8/98 
9/8/98 
9/8/98 

8/29/89 
6/21/88 
9/27/88 
9/27/95 
9/8/98 

9/27/88 
611 1/86 
9/14/87 
7/26/89 
7/27/89 
10/3/89 
9130188 
611 1/86 
10/3/89 
7/24/89 
7/20/89 
7120189 
8/28/89 
9/27/95 
10/2/89 
9/27/88 
8/28/89 

237 
410 
537 
170 
87 

1754 
1070 
1050 
945 
363 
388 
499 
289 

1330 
1244 
720 
414 
192 
242 
610 
684 
624 
699 
412 
350 

- 
- 
- 

1 
0.43 
2.4 
5.3 
- 

0.75 
0.4 

0.73 
0.18 
0.3 

0.7 1 
1.35 
0.5 

0.44 
0.28 
1.45 
1.21 
0.7 
1.2 
1.1 
0.2 

0.26 

9490 
25 

420 
8 

22 
205 
135 
171 
252 

4507 
1.4 
27 

13030 
4.7 
2.7 
134 
269 

1 1600 
6403 

42 
238 
262 
45 
34 
31 

17 
< .01 
0.86 
0.5 
3.9 
- 

0.34 
0.5 
1.4 
10 
- 
- 

- 

- 

- 
- 

1 
19.2 
10.5 
- 
- 

0.28 
- 

- 

1440 
42.6 
141 
349 
382 
246 
70.4 
57.5 
1610 
1510 
150 
133 

2120 
40 
30 

120 
759 

2467 
2022 

118 
41 1 
174 
697 
184 

- 

- 

- 
< .61 
< .61 
< .61 
- 
- 

< .61 
< .61 
< .61 
< .61 
< .61 
< .61 
< .61 
< .61 
< .61 
< .61 
< .61 
< .61 
< .61 
- 

< .61 
< .61 

- 

- 
- 

82.8 
86 
70 
- 
- 

101 
74.5 
72.8 

76 
74 

75.4 
79.2 
77.2 
76.5 
70.8 
77.5 
73.3 
76.2 
- 

84.8 
81.5 

- 

- 
- 

0.06 
0.14 
1.79 
- 
- 

0.07 
0.22 
< .05 
0.13 
0.27 
0.19 
0.25 
< .05 
< .05 
1.03 
1.75 
0.57 
0.7 
- 

0.48 
0.11 

W09 W09-L23 0.9 3 12 < .61 80.9 0.11 



Table B-3. (continued). 
Well Lysimeter Date HC03 F c1 Br SO4 N03-N Al SI02 B 

(m&) ( m a )  ( m a >  (mlrjL) ( m a )  (m&> ( m a >  (m&> (m&> 
W23 W23-LO8 1014189 532 0.72 1444 2.9 1880 - < .61 86.7 0.96 
W23 W23-LO8 9/26/95 339 2.8 1720 10.6 1710 150 
W23 W23-LO8 9/8/98 57 1 - 936 1.7 1250 94 
W23 W23-LO9 6/11/86 587 0.8 803 1.1 836 31 < .61 78.1 0.16 
W23 W23-LO9 9/8/98 1039 - 73.5 < .13 170 54 
W25 W25-L28 1015189 380 0.44 36 - 159 - < .61 81.6 < .05 
W25 W25-L28 9/8/98 364 - 92.8 < .13 41.5 110 

DO6 D06-DLO1 9/9/98 264 - 3420 8.4 1860 24.8 
DO6 D06-DL02 7/27/89 229 0.4 5730 10.5 2612 - < .61 76.9 0.24 
D15 D15-DL06 9/27/88 27 8 0.9 152 - 233 - < .61 83.5 < .05 

TW1 TW1-DL04 6/16/88 182 0.53 2700 - 1017 - < .61 79.6 0.15 

- - - 
- - - 

- - - 

- - - 
- - - 
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Table B-4. Mineral saturation indecies calculated using PHREEQC for representative water samples from lysimeters in the shallow and 
intermediate depths of the vadose zone at the SDA. 

Calcite Dolomite Siderite Gypsum Celestite Barite Fluorite Chalcedony Quartz 
Well Lysimeter Date Sat Index Sat Index Sat Index Sat Index Sat Index Sat Index Sat Index Sat Index Sat Index log Pco2(g) 

Brine Brine 0 

98-1 98-1L35 
98-4 98-4L38 
98-5 98-5L39 
CO1 COl-Ll9 
co1 COl-L20 

PAOl PAO1-LIS 
PA0 1 PA0 1 -L15 
PAOl PAO1-L15 
PA02 PAO2-L16 
THO4 TH04-L18 
THO5 TH05-L2 1 

w02 wo2-LO1 
W03 W03-LO2 
W04 W04-LO3 
W04 W04-LO4 
W04 W04-LO5 
W05 W05-L24 
W05 W05-L25 
W05 W05 -L26 
W06 W06-L27 
W08 W08-Ll2 
W08 W08-Ll2 
W08 W08-Ll3 

9/8/98 0 
9/8/98 0 
9/8/98 0 

8/29/89 0 
6/21/88 0 
9/27/88 0 
9/27/95 0 

9/8/98 0 
9/27/88 0 
611 1/86 0 
91 14/87 0 
7/26/89 0 
7/27/89 0 
10/3/89 0 
9130188 0 
611 1/86 0 
10/3/89 0 
7/24/89 0 
7120189 0 
7120189 0 
8/28/89 0 

9/27/95 0 
1012189 0 

0.27 
-0.30 
-0.24 
-0.30 
-0.30 
0.07 
0.09 
0.17 
0.03 
0.54 

-0.38 
-0.25 
0.09 

-0.20 
0.13 
0.23 
0.02 
0.35 
0.19 

-0.02 
0.09 
0.09 
0.28 

- 

- 

- 

-1.36 
-2.24 
-1.53 
0.01 
- 

-1.89 
-2.22 
- 1.45 
-1.37 
-2.38 
-1.56 
- 1.60 
-1.41 
-1.60 
-1.89 
-1.99 
-0.87 
-1.51 
-0.77 
- 1.60 

-0.21 
-1.88 
- 1.42 
-1.33 
-0.96 
-1.62 
-2.38 
-2.54 
-0.5 1 
-0.48 
-1.53 
- 1.73 
0.06 

-2.21 
-2.31 
- 1.55 
-0.91 
0.01 

-0.15 
-2.08 
- 1.23 
-1.65 
-0.99 

-0.59 
-2.41 
-1.88 
-1.86 
-1.31 
- 1.96 
- 
- 

-0.94 
-0.7 1 
-2.08 
-2.15 
-0.37 
-2.65 
-2.63 
-1.83 
-1.37 
-0.39 
-0.36 
-2.49 
-1.56 
- 

-1.25 

- 

- 
- 

1.46 
1.43 
I .07 
- 

- 

1.45 
1.23 
1.14 
1.06 
1.53 
0.48 
0.15 
0.67 
1.43 
1.24 
1.34 
1.04 
1.37 
0.66 
1.24 

- 
- 
- 

-1.13 
-1.53 
-0.90 
-0.07 
- 

- 1.68 
- 1.93 
-1.30 
-2.66 
-2.25 
-1.81 
- 1.29 
-1.81 
-1.79 
-2.13 
-0.70 
-1.30 
-1.52 
- 1.02 
-1.22 

- 
- 

- 

0.85 
0.86 
0.74 
- 

- 
0.86 
0.79 
0.76 
0.77 
0.84 
0.78 
0.67 
0.66 
0.77 
0.69 
0.86 
0.77 
0.76 
- 

0.7 1 

- 
- 

- 

1.33 
1.33 
1.20 
- 

- 
1.31 
1.25 
1.22 
1.22 
1.30 
1.24 
1.10 
1.09 
1.23 
1.12 
1.33 
1.23 
1.21 
- 

1.13 

-1.36 
- 1.52 
-1.30 
-2.81 
-3.05 
-0.72 
-1.42 
-1.46 
-0.82 
- 1.56 
-1.82 
-1.72 
-1.32 
-0.81 
-0.59 
-0.87 
- 1.75 
- 1.57 
-1.77 
-1.88 
-1.35 
-1.51 
-1.12 

W09 W09-L23 9/27/88 0 -0.09 -1.60 -1.31 - 1.67 1.15 -2.29 0.81 1.27 -1.58 



Table B-4. (continued). 
Calcite Dolomite Siderite Gypsum Celestite Barite Fluorite Chalcedony Quartz 

Well Lysimeter Date Sat Index Sat Index Sat Index Sat Index Sat Index Sat Index Sat Index Sat Index Sat Index log Pcoz(g) 

W09 W09-L23 8/28/89 0 -0.07 -1.15 - 1.09 - 1.44 1.35 -2.07 0.79 1.25 -1.71 
W23 W23-LO8 1014189 0 -0.3 1 -2.06 -0.30 -0.95 1.51 - 1.44 0.85 1.31 - 1.24 

- - 1.67 W23 W23-LO8 9/26/95 0 -0.32 -1.51 -0.37 - 0.31 0.11 - 
- - -1.20 W23 W23-LO8 9/8/98 0 -0.15 - -0.68 - 1.27 

W23 W23-LO9 6/11/86 0 0.11 - 1.54 -1.03 - 1.23 1.45 -1.41 0.82 1.28 -1.63 
- - - -1.49 W23 W23-LO9 9/8/98 0 0.06 - -2.12 -2.26 - 

W25 W25-L28 1015189 0 -0.18 -1.63 -1.33 -1.64 1.14 -1.58 0.84 1.31 -1.66 
- - -1.41 W25 W25-L28 9/8/98 0 -0.01 - -1.93 -2.25 

- - 1.42 DO6 D06-DLO1 9/9/98 0 0.14 - -0.18 -0.88 
DO6 D06-DL02 7/27/89 0 0.30 -1.95 -0.15 -0.60 1.30 -1.73 0.77 1.22 -1.78 
D15 D15-DL06 9/27/88 0 -0.64 -1.64 -1.62 -2.00 1.32 -1.34 0.85 1.32 -2.47 

46 TW1 TW1-DL04 6/16/88 0 -0.06 -2.21 -0.29 -0.94 1.33 - 1.25 0.81 1.27 -1.84 

- - 

- - 

- - - 

c 
0 
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Appendix C 

Concentrations of Extractable Soluble Salts in Surficial 
Sediment Samples Collected from the SDA 

Table C-1 . Extractable ion concentrations for surficial sediment samples collected at the SDA. 

Depth C1 Br NO3 SO4 Ca K Li Mg Na 

IT 3.35- 0 0 0 0 12 4 0 4 14 

ACIDPIT 5.18- 39 1 0 25 3 71 14 0 20 206 

ACIDPIT 5.18- 39 1 0 254 75 14 0 21 203 

PIT9#5 3.66- 122 1 0 2497 460 0 0 98 65 6 

PIT9#5 5.49- 149 1 0 749 49 9 0 12 490 

98- 1 1.52 497 2 204 5 0 44 233 
98- 1 2.29 278 2 43 6 0 25 232 
98- 1 4.57 1703 4 4 0 230 693 
98- 1 _ _  5.49 1112 3 .. ............................................. 5 _ _  0 ~ ....................................... 132 542 

SDA-02 1.52 206 3 20 61 73 17 1 65 37 
SDA-02 1.83 135 2 14 59 93 20 0 24 120 
SDA-02 2.29 152 2 17 55 91 12 0 23 157 
SDA-02 4.27 1 0 0 2 22 11 0 13 20 
SDA-02 4.42 1 2 1 4 29 9 0 15 35 
SDA-02 5.23 1 0 1 4 28 10 0 22 42 
SDA-02 5.23 1 0 1 4 27 10 0 22 42 
SDA-02 5.33 1 0 1 13 102 10 0 29 52 

#4 5.79 

#4 5.79 " ~ 

4.27 

6.10 .................................................. ..... ~ " ........................................................................................................................................................... 

SDA02 6.10 1 2 - 0 .. 6 81 3 0 18 ~ ......... . . _  49 ..... ._ _. 

SDA-03 0.76 7 0 6 6 55 13 0 13 15 
SDA-03 1.52 34 2 76 24 40 5 0 38 46 
SDA-03 3.05 1 0 23 7 88 8 0 22 20 

98-2 0.76 9 2 36 14 76 6 0 12 45 
SDA-03 3.81 ..... 0 .... .. .. ..... .................................................. 0 .. .. 3 .. 8 28 7 0 .. 16 44 

98-2 1.52 26 2 9 66 156 40 0 17 195 
98-2 ..... ...... 2.29 198 2 5 164 23 4 0 33 383 

SDA-05 1.52 574 0 315 184 150 15 0 54 370 

.... SDA-05 - ....... ...... .... .- 2.29 -- .... ..... 900 3 -..-. 54 1 2898 ^ 5 66 __ 19 0 234 1094 _....... 

SDA-04 1.52 1035 3 169 137 121 15 0 56 246 

c-3 



Table C-1. (continued). 
Depth C1 Br NO3 SO4 Ca K Li Mg Na 

WellID (m) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mgkg) (mg/kg) 
SDA-04 2.29 1167 0 6 709 20 4 0 19 635 

. SDA-04 " _  I ___I_ 3.05 __- . .__ _ _  2104 - - -----  6 - 1 "__ ~ 1273 143 _" 9 - __ __  0 _____I" 200 1417 - _I-_____ 

2 19 41 3 0 11 16 
07 3.05 1 1 9 8 0 4 37 

SDA-07 4.57 14 4 26 40 0 18 106 
73 54 SDA-07 5.33 11 1 31 43 

98-4 1.52 22 0 22 10 61 11 0 7 20 
98-4 3.05 2 0 0 1 18 5 0 4 5 
98-4 4.57 25 2 5 2 33 10 0 21 25 
98-4 4.57 25 2 6 2 40 16 0 58 25 

-_I_-____ - - - - - - ~ - _ " " " _ " _ _ " _ _ _ " _  _._-_ ~ __.____ _ _ _ _ _  ...... 

5.33 3 0 6 2 34 ....... 10 0 17 22 .................. .. . . . . . . . . . . . . . .  ..................... 98-4 

98-3 1.52 213 0 15 223 67 
98-3 2.82 39 2 7 24 35 
98-3 3. 16 13 
98-3 4.88 49 26 
98-3 6.10 697 75 

58 
98-5 0.76 15 0 0 2 53 
98-5 1.42 13 0 8 11 75 
98-5 1.52 6 0 4 7 60 
98-5 2.29 2 0 1 11 14 
98-5 3.05 0 0 0 4 6 
98-5 3.20 8 0 0 13 9 

98-3 _ .  6.86 - ..__ 486 - .................... 

0 17 152 
0 14 24 

9 0 8 69 
14 0 68 149 
9 0 18 333 

8 . . .  0 -..!2- 25 1 
7 0 12 10 
3 0 9 14 
4 0 13 18 
4 0 10 36 
3 0 4 31 
7 0 7 62 

. . . . . . .  

........ 98-5 3.20 9 0 0 13 5 3 0 . 3 56 
SDA-11 1.22 2 0 0 2 53 16 0 4 3 
SDA-11 2.74 1 0 0 3 19 12 0 12 17 
SDA-11 3.96 -- 4 . 0 ......... 0 ._. 7 34 16 . 0 20 29 .. 

SDA-12 1.07 1 0 0 2 37 3 0 20 6 

SDA-12 1.83 0 0 1 2 25 7 0 26 7 
..... ............................................................................................................. 9 6 20 ................................................ 13 0 ................... 23 .......................... 76 0 SDA-12 3.35 0 

W05 0.51- 667 2 9 14 286 11 0 50 151 

W05 0.51- 677 2 8 14 285 12 0 50 152 

W05 1.83- 653 3 0 265 72 6 0 56 503 

W05 2.94- 2123 6 0 476 358 12 0 235 97 1 

............................................ 

1.02 

1.02 

2.34 

3.35 
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Table C-1. (continued). 
Depth C1 Br NO3 SO4 Ca K Li Mg Na 

WellID (m) (mg/kg) (mglkg) (mg/kg) (mglkg) (mg/kg) (mglkg) (mglkg) (mgkg) (mg/kg) 
W05 3.86- 1343 4 0 374 329 9 0 178 581 

SAB #O 0.9 0.0 14 7.6 70 6.1 0.0 15 10 
SAB #1 0.4 0.0 6 6.6 72 4.4 0.0 15 9 

SAB #2 0.6 0.0 31 6.7 76 6.7 0.0 16 10 

SAB #3 0.5 0.0 23 7.0 79 7.6 0.0 15 10 
SAB #4 0.6 0.0 31 6.9 79 6.3 0.0 16 10 
SAB #5 0.5 0.0 6 7.1 77 7.5 0.0 15 10 
S A B  #7 0.4 0.0 27 7.1 96 8.0 0.0 17 10 

Background” 1 .o 0 53 8 103 10 0 18 11 
a. Background is calculated from the 8 SAB samples and is the mean + 3 standard deviations. 
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